Objective: To explore the effects of progesterone (P) elevation on pregnancy outcomes of day 3 embryo and day 5 blastocyst transfer. Methods: Clinical outcomes (pregnancy and ectopic pregnancy rates) following day 3 embryo and day 5 blastocyst transfer cycles were retrospectively analysed. Day 3 embryo and day 5 blastocyst transfer cycles were divided into normal P level (P 1.5 ng/ml) and P elevation group (P > 1.5 ng/ml), based on the serum P level on the day of human chorionic gonadotropin (hCG) administration. Results: A total of 2868 cycles were analysed. In day 3 embryo transfer cycles (n ¼ 2345), the clinical pregnancy rate was significantly higher in the normal P level group compared with the P elevation group (55.4% versus 46.7%, respectively) and the ectopic pregnancy rate was significantly lower in the normal P level group compared with the P elevation group (2.8% versus 7.9%, respectively). In day 5 blastocyst transfer cycles (n ¼ 523), there were no significant differences in the clinical pregnancy and ectopic pregnancy rates between the two groups, based on the P level. Conclusion: These preliminary findings suggest that day 5 blastocyst transfer should be adopted for patients with P elevation on the day of hCG administration.
Introduction
Under physiological status, the progesterone (P) level rapidly rises after ovulation, which leads to the development of secretoryphase endometrium. Under superovulation, the P level in the late follicular phase often rises ahead of time, due to the use of exogenous gonadotropin and the development of multiple ovarian follicles. 1 The elevated P level in the late follicular phase can decrease the implantation rate of cleavage-stage embryo transfer used for in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI). [2] [3] [4] [5] During superovulation, high levels of steroid hormones may increase the risk of ectopic pregnancy. 6 The effects of P elevation in the late follicular phase on the pregnancy outcomes of different-stage embryo transfer are uncertain, particularly in terms of ectopic pregnancy rates. This current preliminary study retrospectively analysed the IVF cycles, including day 3 embryo transfer and day 5 blastocyst transfer cycles, that were performed over a 2-year period in a reproductive centre, in order to explore the effects of the P level in the late follicular phase on the clinical pregnancy rate and ectopic pregnancy rate of differentstage embryo transfers.
Patients and methods

Patient population
This retrospective study analysed data from consecutive women undergoing IVF cycles, including day 3 embryo transfer cycles and day 5 blastocyst transfer cycles, which were performed at the Reproductive Medical Centre, First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan Province, China between January 2010 and December 2011. Inclusion criteria were: (i) age 38.0 years; (ii) first or second IVF cycle; (iii) basal follicle-stimulating hormone (FSH) < 10 mIU/ml. Exclusion criteria were: (i) uterine lesions such as uterine malformation, polyps and intrauterine adhesion; (ii) three failed individual IVF cycles; (iii) either of the couple had chromosomal abnormalities. Primary infertility was considered as infertility in a couple who had never got pregnant; secondary infertility was defined as a failure to conceive following a previous pregnancy.
According to the serum P level on the day of human chorionic gonadotropin (hCG) administration, the day 3 embryo transfer and day 5 blastocyst transfer cycles were divided into a normal P level group (P level 1.5 ng/ml) and a P elevation group (P level > 1.5 ng/ml). The clinical pregnancy rate and ectopic pregnancy rate were compared between the normal P level and P elevation groups.
All study methods were approved by the Institutional Review Board of the First Affiliated Hospital of Zhengzhou University. All patients enrolled into the study provided written informed consent to participate.
Serum hormone measurements
Blood samples were obtained from the cubital vein on the day of hCG administration. Samples that were not used immediately were stored at 2-8 C, then used within 24 h. Blood samples were centrifuged at 2000 g for 10 min at 25 C. Serum levels of FSH, luteinizing hormone (LH), 17boestradiol (E 2 ) and P were measured on the day of hCG administration using an automated Elecsys Immunoanalyzer (Roche Diagnostics, Mannheim, Germany).
IVF treatment
Downregulation of reproductive hormone levels was performed with gonadotropin releasing hormone agonist, administered in the luteal phase (Decapeptyl Õ ; Ferring Pharmaceuticals, Kiel, Germany; 0.05 mg intramuscular [i.m.] injection once daily until the day of hCG administration). When downregulation reached the standard level (FSH < 5.0 IU/l; E 2 < 50 pg/ml; LH < 5.0 IU/l; P < 1.0 ng/ml; maximum diameter of antral follicles <10 mm), recombinant FSH (Gonal-f Õ ; Serono, Madrid, Spain; 150 -225 IU, i.m. injection once daily for 10-14 days) or human menotrophin (MENOPUR Õ ; Ferring Pharmaceuticals; 150 -225 IU, i.m. injection once daily for 10-14 days) was given to induce superovulation. Transvaginal ultrasonography was undertaken using a Philips HDI 4000 Ultrasound Machine (Philips Healthcare, Best, The Netherlands) and when it showed that follicular development had reached the expected stage, a single i.m. injection of 250 mg hCG (Ovidrel Õ ; Merck Serono, Geneva, Switzerland) was administered. Oocytes were collected by transvaginal ultrasound-guided puncture 36-37 h after hCG administration. IVF was performed according to the semen status. On day 3, embryos were evaluated, 7 then two or thee high-quality embryos were transferred or were used for blastocyst culture. On day 5, blastulation status was observed and one or two blastocysts were transferred.
Clinical pregnancy
Clinical pregnancy was diagnosed when B-mode ultrasound showed a gestation sac and fetal heart beat at 35 days after embryo transfer. An ectopic pregnancy was diagnosed when B-mode ultrasound showed a gestation sac with or without an embryo bud and heart beat outside the uterine cavity, or an ectopic pregnancy lesion was found during laparoscopy at 35 days after embryo transfer.
Statistical analyses
All statistical analyses were performed using the SPSS Õ statistical software package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Independent-sample t-test was used to analyse the differences between parameters with mean values; 2 -test was used to analyse the differences between parameters presented as rates. A P-value < 0.05 was considered statistically significant.
Results
This study analysed the data from 2868 IVF cycles, including 2345 day 3 embryo transfer cycles and 523 day 5 blastocyst transfer cycles. The overall ectopic pregnancy rates were 3.4% (43/1272) in day 3 embryo transfer cycles and 2.1% (five of 236) in day 5 blastocyst transfer cycles.
In day 3 embryo transfer cycles, there were no significant differences in age, duration of infertility, proportion of patients with primary infertility, body mass index (BMI), proportion of patients without fallopian tube lesions, endometrial thickness and number of embryos transferred between the normal P level group (P 1.5 ng/ml) and the P elevation group (P > 1.5 ng/ml) ( Table 1 ). E 2 and P levels at the time of hCG administration were significantly higher in the P elevation group compared with the normal P level group (P < 0.001 for both comparisons). Clinical pregnancy rates were 55.4% (1132/2045) in the normal P level group and 46.7% (140/300) in the P elevation group (P < 0.001) ( Table 2 ). Ectopic pregnancy rates were 2.8% (32/ 1132) in the normal P level group and 7.9% (11/140) in the P elevation group (P ¼ 0.002).
In day 5 blastocyst transfer cycles, there were no significant differences in age, duration of infertility, proportion of patients with primary infertility, BMI, proportion of patients without fallopian tube lesions, endometrial thickness, number of embryos transferred and E 2 levels at the time of hCG administration between the normal P level group (P 1.5 ng/ml) and the P elevation group (P > 1.5 ng/ml) ( Table 1 ). The P level at the time of hCG administration was significantly higher in the P elevation group compared with the normal P level group (P < 0.001). There were no significant differences in clinical pregnancy and ectopic pregnancy rates between the normal P level group and the P elevation group (Table 2 ).
Discussion
The pregnancy outcomes of IVF are related to many factors such as age, embryo quality and endometrial receptivity. The P level is closely associated with clinical pregnancy rates following IVF. [2] [3] [4] [5] Melo et al. 8 reported that there were no significant differences in fertilization rate, cleavage rate, implantation rate and clinical pregnancy rate among recipients based on whether the oocytes came from donors with or without an elevated P level on the day of hCG administration, suggesting that P elevation did not affect oocyte quality. An analysis of 4000 IVF/ICSI cycles indicated that serum P elevation (P > 1.5 ng/ml) on the day of hCG administration significantly decreased the clinical pregnancy rates. 5 In this current study, the clinical pregnancy rate was also significantly decreased in the P elevation group of day 3 embryo transfer cycles compared with the normal P level group. This may be associated with the fact that an earlier P elevation stimulates a premature transition to secretory-phase endometrium, which in turn might negatively affect endometrial receptivity. There have been different reports regarding the effects of P elevation on blastocyst transfer. Papanikolaou et al. 9 performed a prospective study of 483 patients and found that P elevation affected the pregnancy outcomes of day 3 embryo transfer, but failed to affect the pregnancy outcomes of day 5 blastocyst transfer. An investigation of the endometria of natural and stimulated cycles found that there was no earlier endometrial development in the mid-luteal phase of stimulated cycles. 10 In this current study, there was no significant difference in the clinical pregnancy rates between the normal P level group and the P elevation group following day 5 blastocyst transfer. This might be due to the P elevation on the day of hCG administration not affecting day 5 endometrium. The incidence of ectopic pregnancy is $1.9 % in natural pregnancies, while in assisted reproductive technology (ART), it is about 2.1-11%. 11 This higher rate of ectopic pregnancy in patients receiving ART might be due to the presence of fallopian tube disease. The exact cause of ectopic pregnancy is unclear in IVF embryo transfer, but diseases of the fallopian tubes (such as salpingitis) or a history of fallopian tube surgery are associated with a higher risk for ectopic pregnancy. 12, 13 Ectopic pregnancy following ART is associated with the depth of the transplantation tube into the uterine cavity, the fluid volume in the transplantation tube, the velocity of embryo transfer, the number of embryos transferred, the patient's body position and embryo transmigration in the uterine cavity. 14 The ectopic pregnancy rate was demonstrated to be significantly higher in superovulation cycles (1.8%) than in oocytedonation cycles (0.5%). 8 There has been a lack of conclusive evidence concerning the effects of P elevation in the late follicular phase on ectopic pregnancy. Paltieli et al. 15 stimulated isolated fallopian tubes with E 2 , human menopausal gonadotropin, P, LH and FSH, then measured ciliary beat frequency; Paltieli's group found that a high concentration of P could lead to ciliary functional disorder, speculating that high concentrations of P may be one of the main causes of ectopic pregnancy in superovulation. An analysis of endometrial functional genomics in 12 patients undergoing oocyte donation found marked changes in endometrial gene expression profiling (including 13 endometrial receptivity-related genes) in patients with P elevation on the day of hCG administration. 16 A comparison of endometrial gene expression between natural and stimulated cycles in the same patient found marked changes in endometrial gene expression profiling in stimulated cycles; these changes affected endometrial receptivity. 17 Under physiological status, the development of cleavage-stage embryos takes place in the fallopian tubes. Therefore, the transferred cleavage-stage embryos do not immediately implant, but return to the fallopian tubes for development and then do not re-enter the uterine cavity for implantation until the blastula stage.
In this current study, embryo transfer was performed by the same doctors, the depth of the transplantation tube into the uterine cavity was always 1.5 cm and the fluid volume in the transplantation tube was always 2 ml. These current results demonstrated that in the day 3 embryo transfer cycles, levels of P and E 2 on the day of hCG administration were significantly higher in the P elevation group than in the normal P level group; and the ectopic pregnancy rate was significantly increased in the P elevation group compared with normal P level group. In contrast, in the day 5 blastocyst transfer cycles, there were no significant differences in the level of E 2 on the day of hCG administration or in the ectopic pregnancy rate between the P elevation group and normal P level group. The current findings in the day 3 embryo transfer cycles suggest the following: (i) higher levels of P and E 2 can induce uterine smooth muscle contraction that allows transferred day 3 embryos to enter the fallopian tubes readily; (ii) high P level-induced changes in endometrial gene expression negatively affect embryo implantation in the uterine cavity; (iii) high P level-induced ciliary movement disorder does not facilitate the normal return of embryos to the uterine cavity. The current findings in the day 5 blastocyst transfer cycles suggest that blastocysts are more readily implanted (because they do not need to re-enter the fallopian tubes for further development) and that P elevation has no effect on the physiological status of day 5 endometrium.
Does blastocyst transfer decrease the risk of ectopic pregnancy? Because blastocysts do not need to re-enter the fallopian tubes for further development, the ectopic pregnancy rate should be decreased. In this current study, the ectopic pregnancy rate was 3.4% in day 3 embryo transfer cycles and 2.1% in day 5 blastocyst transfer cycles. Although the ectopic pregnancy rate was slightly lower in day 5 blastocyst transfer cycles than in day 3 embryo transfer cycles, it was not possible to undertake a statistical comparison of the difference because of the disparity between the numbers of cycles undertaken in the two groups. Future research will investigate the causes of ectopic pregnancy in a prospective study that directly compares day 3 embryo transfer cycles with the same number of day 5 blastocyst transfer cycles.
In conclusion, these current results suggest that P elevation in the late follicular phase can decrease the clinical pregnancy rate and increase the ectopic pregnancy rate in day 3 embryo transfer cycles, but day 5 blastocyst transfer appears to avoid these negative effects of P elevation. Therefore, day 5 blastocyst transfer should be adopted in the patients who have high P levels on the day of hCG administration and are unwilling to give up fresh embryo transfer. However, since the number of blastocyst transfer cycles was smaller than the number of day 3 embryo transfer cycles in this current study, studies with larger sample sizes will be needed to confirm these preliminary results.
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